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Photonic spin Hall effect (SHE) holds great potential applications in precision metrology. How to obtain a
high measurement precision is an important issue to detect the photonic SHE. In this letter, we propose using
optimal preselection and postselection in weak measurements to enhance the measurement precision. We find
that the maximum weak value and pointer shift can be obtained with an optimal overlap of preselection and
postselection states. These findings offer the possibility for improving the precision of weak measurements
and thereby have possible applications for accurately characterizing the parameters of nanostructures.
After first proposed by Aharonov, Albert, and Vaid-
man (AAV)1 in 1988, the weak measurements based on
preselection and postselection states has been a promis-
ing method for helping us in investigating fundamental
questions of quantum mechanics2–4. The idea of weak
measurements can be described as follows: if we initially
select the quantum system with a well-defined preselec-
tion state, the corresponding large expectation values can
be obtained with a suitable postselection state, which
makes the eigenvalues to be clearly distinguished. Re-
cently, the weak measurements has been useful for preci-
sion measurement such as detecting very small transverse
beam deflections5, observing photonic spin Hall effect
(SHE)6–9, determining the average trajectories of single
photons10, direct measurement of the quantum wavefunc-
tion11, and measuring ultrasmall time delays of light12.
The photonic SHE is attributed to spin-orbit coupling
and manifests itself as spin-dependent splitting13–20. The
photonic SHE is sensitive to the variations of physical
system’s states and holds great potential applications
in precision metrology, such as probing spatial distribu-
tions of electron spin states21, measuring the thickness
of nanometal film22, identifying graphene layers23, and
detecting the axion coupling in topological insulators24.
The spin-dependent splitting of photonic SHE in these
systems is just a few tens of nanometers and the weak
measurement method is usually used to probe this phe-
nomenon. However, in the process of weak measurements
for probing the photonic SHE, how to get the large ampli-
fied factor is an important issue for enhancing the mea-
surement precision.
In this letter, we propose using optimal preselection
and postselection in weak measurements to detect the
photonic spin Hall effect (SHE) for obtaining the max-
imum outcome. We consider the regime of preselection
and postselection being almost orthogonal. It is found
that, for a fixed incident angle, the maximum amplified
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factor and pointer shift (amplified displacement of pho-
tonic SHE) can be obtained with a corresponding optimal
overlap of preselection and postselection states. There-
fore, we can significantly improve the precision of weak
measurements for probing the photonic SHE. We also
find that, under the orthogonal condition of preselection
and postselection states, the amplified factor and ampli-
fied shift can not be arbitrarily large and, on the contrary,
they turn out to be zero. The experimental results agree
well with our theoretical discussions.
In general, the amplified factor is corresponding to the
so-called weak value which establishes the relationship
between the observable and the shifts in measurement
pointer’s mean position and mean momentum25
Aw =
〈ψ2|Aˆ|ψ1〉
〈ψ2|ψ1〉 . (1)
ψ1 and ψ2 denote the preselection and postselection
states. When 〈ψ2|ψ1〉→0, the weak value might become
arbitrarily large. However, arbitrarily large results in
photonic SHE can not be obtained and we need to choose
an appropriate preselection and postselection states for
obtaining the maximum weak value. Some theoretical
works have been done to discuss this phenomena26–28,
however, there lacks specific experiment and the photonic
SHE is not considered.
Figure 1 schematically draws the photonic SHE of light
beam reflection from a planar interface and the corre-
sponding weak measurement process. The incident po-
larization states are chosen as |H〉 and |V 〉. This polar-
ization selection can be seen as the preselection process in
weak measurements, which is discussed in the following.
In the spin basis, the horizontal and vertical polarization
states can be expressed as |H〉 = (|+〉 + |−〉)/√2 and
|V 〉 = i(|−〉 − |+〉)/√2. In the spin basis, the states of
reflected beam can be obtained:
|H〉 → rp√
2
[
exp(+ikryδ
H
r )|+〉+ exp(−ikryδHr )|−〉
]
,
(2)
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FIG. 1. (Color online) Schematic of photonic SHE on a BK7
prism interface and the corresponding weak measurement pro-
cess. A linearly polarized beam reflects on the prism and then
splits into left- and right-handed circularly polarized light, re-
spectively. δ|+〉 and δ|−〉 denote the transverse shifts of left-
and right-handed circularly polarized components. Here, θi is
the incident angle and the insets show the three steps of weak
measurements: (a) preselection, (b) weak coupling between
observable and meter, and (c) postselection.
|V 〉 → irs√
2
[− exp(+ikryδVr )|+〉+ exp(−ikryδVr )|−〉] .
(3)
In the above equations, δHr = (1 + rs/rp) cot θi/k0, δ
V
r =
(1− rp/rs) cot θi/k0.
The photonic SHE manifests for the spin-dependent
splitting of left- and right-handed circularly polarized
components. Here we only consider the spin separation
in the y direction (transverse shift). In the following,
we calculate the shifts of these two spin components.
The wavefunction of reflected photons is composed of the
packet spatial extent φ(kry) and the polarization descrip-
tion |H,V 〉:
|ΦH,V 〉 =
∫
dkryφ(kry)|kry〉|H,V 〉. (4)
After photons reflection from the interface, the initial
state |ΦH,Vinital〉 evolve into the final state |ΦH,Vfinal〉. As
a result of spin-orbit coupling, the displacements of the
two spin components compared to the geometrical-optics
prediction are given by
δH,V|±〉 =
〈ΦH,V |i∂k⊥ |ΦH,V 〉
〈ΦH,V |ΦH,V 〉 . (5)
Here, we suppose the φ(kry) is a Gaussian wave function.
In the process of quantum weak measurements, the
property observable of a system is first coupled to the me-
ter (measuring device), and then the information about
the state of the observable is read out from the meter.
In the case at hand, the detection of photonic SHE in-
duced transverse shifts is actually equivalent to a quan-
tum measurement of the spin degree of freedom along the
central propagation direction corresponding to the ob-
servable σˆ3, with the transverse spatial distribution serv-
ing as the meter6. This can be done through three steps.
Firstly, the system is prepared with a fixed preselection
state ψ1. In the present work, the incident polarization
states are chosen as |H〉 and |V 〉. And then, with the
weak interaction, the observable (left- or right-handed
circularly polarized component) is coupled to the trans-
verse spatial distribution of the Gaussian wave function
with the Hamiltonian interaction. Finally, an enhanced
shift in the meter distribution can be obtained with the
suitable postselection state |ψ2〉 = |V ± ∆〉 or |H ± ∆〉
of the observable. Here, the ∆ ≪ 1 is a small angle.
The last step can also be seen as the strong measure-
ment. When the ∆ is close to zero, the preselection and
postselection states are almost orthogonal.
Our experimental setup is similar to that in Ref.9 and
the detail equipment description and experimental analy-
sis can be found. Our sample is an usual BK7 prism. The
amplified displacements can be obtained through the pre-
selection and postselection process, and so we can get the
relationship between the final position of the meter and
the observable Aˆ by the weak value Aw. A Gauss beam
generated by He-Ne laser is firstly focused by the lens
(L1) and experiences preselection in the state |ψ1〉=|H〉
or |V 〉 with the polarizer P1. When the light beam re-
flects from the prism interface, the photonic SHE hap-
pens allowing for the left- and right-handed circularly
polarized components splitting in the y direction. This
process is the weak interaction allowing for the coupling
between the observable and the meter. And then the
beam passes through the second polarizer P2 preparing
for the postselection state |ψ2〉 = |V ± ∆〉 or |H ± ∆〉.
We can obtain the reflected field at the plane of zr. At
the surface of the second polarizer, the two circular po-
larization components experience destructive interference
making the enhanced shift δH,Vw in the meter much larger
than the initial one δ|±〉. Calculating the reflected field
distribution yields the amplified shifts of photonic SHE.
After passing through the second lens (L2), a CCD is
used to capture the optical signal and measure the am-
plified shifts. The process discussed above is called the
weak value amplification and ∆ is the postselection angle.
In terms of weak value amplification, the preselection
and postselection states |ψ1〉 and |ψ2〉 determine the weak
value Aw of the photon helicity. We should note that
the imaginary weak value also corresponds to a shift of
the meter in momentum space, which leads to the pos-
sibility of even larger enhancements following the beam
free evolution6. This process can be seen as propagation
amplification that produces the amplified factor F. The
propagation amplified factor depends on the initial state
of the beam and the degree of its free evolution before
the observer. Therefore, under this condition, we can also
get the final shift of the meter as the modified weak value
Amodw = |Aw|F . From the calculation, we can obtain the
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FIG. 2. (Color online) The amplified shifts of photonic SHE
changing with the overlap of the preselection and postselec-
tion states in the case of horizontal (left column) and vertical
polarizations (right column). Here the incident angles are
chosen as θi=30
◦, 45◦, and 70◦. The lines represent the the-
oretical results. The circles, squares, and triangles show the
experimental data.
modified weak value
AHmodw =
zrk0r
2
p sin(2∆)
(rp + rs)2 cot
2∆cot2 θi + 2k0zRr2p sin
2∆
,(6)
AV modw =
zrk0r
2
s sin(2∆)
(rp + rs)2 cot
2∆cot2 θi + 2k0zRr2s sin
2∆
.(7)
Figure 2 shows the amplified displacements of photonic
SHE changing with the incident angle θi and the degree of
overlap of preselection and postselection states (described
by the postselection angle ∆). Here, the incident angles
are chosen as three fixed values θi=30
◦, 45◦, and 70◦.
We repeat the experiment for three times. The shifts are
measured in the case of both |H〉 and |V 〉 polarizations.
Combining with the amplified shifts, we can obtain the
amplified factor (modified weak value) in the process of
weak measurements as shown in Fig. 3. We surprisingly
find that the weak value and amplified displacements can
not increase arbitrarily under the orthogonal condition
of preselection and postselection states and, on the con-
trary, it turns out to be zero. Instead, there exists the
maximum weak value and amplified displacements with a
corresponding optimal overlap of preselection and postse-
lection states. With the maximum weak value, we can get
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FIG. 3. (Color online) The theoretical and experimental re-
sults for selecting the maximum weak value in weak measure-
ments under the condition of preselection and postselection
states being almost orthogonal. Here the incident angles are
selected as θi=30
◦, 45◦, and 70◦. The incident states are hori-
zontal (left column) and vertical polarizations (right column).
The circles, squares, and triangles denote the experimental
data corresponding to the theoretical lines.
the high measurement precision for probing the photonic
SHE. We note that the similar behavior of weak value is
investigated in solid-state qubits in which the conditioned
average of a finite strength measurement cross through
zero at the orthogonality point, and achieve both max-
imum and minimum values away from this point29. In
fact, to have the divergence of the weak value, the order-
ing of the small parameters in weak measurement process
must be obeyed. If the ordering of the small parameters
is reversed, entirely new physical behavior is expected,
and in fact the inverse weak value can appear30,31.
From Eqs. (6) and (7), using
∂Amod
w
∂∆ =0, we can get
the relationship between incident angle θi and postselec-
tion angle ∆ for obtaining the maximum amplified factor.
The results can be seen from Fig. 4 and the preselection
states are chosen as |H〉 and |V 〉 polarizations. We should
note that the incident angles can relate to the degree of
weak interaction in weak measurements. So, for a fixed
incident angle, there exists a maximum amplified factor
corresponding to a optimal overlap of preselection and
postselection states. In the case of |H〉 state, a sharp
peak [see inset of Fig. 4(a)] appears when the incident
angle is close to Brewster angle. Here, we have consid-
ered the tiny in-plane spread of wave-vectors in calcula-
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FIG. 4. (Color online) The relationship between incident an-
gle θi and postselection angle ∆ for obtaining the maximum
amplified factor. The incident states are (a) horizontal and
(b) vertical polarizations. The circles show the experimental
data and the lines denote the theoretical value. The inset
describes the sharp value of postselection angle which is not
shown in the figure.
tion and not measured postselection angle in this range
for the saturation of CCD. In the previous work, the am-
plified factor presents a valley near the Brewster angle
on reflection9. From the above analysis, we can select an
appropriate amplified factor in weak measurements un-
der the condition of fixed coupling strength, and so the
high measurement precision can be obtained. Note that
the improvement of the signal-to-noise ratio (SNR) is of
great interest in precision metrology. Recently, Jordan
et al. have done great work to optimize the SNR of a
beam-deflection measurement with interferometric weak
values32. We think that how to optimize the SNR for
measuring photonic SHE with the corresponding pres-
election and postselection states will be an interesting
work in the future.
In conclusion, we have used optimal preselection and
postselection in weak measurements to detect the pho-
tonic spin Hall effect (SHE) for obtaining the high mea-
surement precision. We have proved that there exists the
maximum weak value and amplified shift when the over-
lap of preselection and postselection states are chosen as
a corresponding optimal value. We have also considered
the orthogonal condition of preselection and postselec-
tion states and revealed that the weak value and ampli-
fied displacements of photonic SHE can not be arbitrar-
ily large. These findings provide new insight into weak
measurements and have possible applications in precision
metrology.
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